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ABSTRACT 

Exposure  of  the  following  materials  has  no  significant 
permanent  after  effects  on  dielectric  constant  and  dissipation 
factor,  measured  at  60  cps,  1  mcs,  and  30  mcs,  nor  on  dc  volume 
resistivity,  nor  on  the  dc  and  6o  cps  surface  resistivity  of  these 
dielectrics;  asbestos-fabric  phenolic,  asbestos-filled  phenolic, 
asbestos-filled  diallyl  phthalate,  mica-filled  phenolic,  alumina, 
forsterite,  paper-phenolic  laminate,  polystyrene,  polytetrafluoro- 
ethylene  and  polyethylene  dielectrics  to  pulsed  fast  neutrons, 
ranging  from  1.63  x  10 12  to  2.0  x  1012  Nvt,  and  to  gamma  radiation 
at  the  rate  of  2.8  x  104  r/hr  up  to  a  total  dose  of  5.88  x  lo5  r. 
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NEUTRON  AND  GAMMA  RADIATION  EFFECTS  ON  DIELECTRICS 


INTRODUCTION 

This  investigation  is  purt  of  a  study  of  the  effects  of  radiation  on  laboratory  samples  of 
dielectric  materials  used  in  electronic  equipments.  Considerable  information  is  already  available 
on  the  physical  effect  of  steady-state  radiation  on  dielectric  materials.  Because  of  lack  of  data, 
however,  it  was  necessary  to  study  the  dielectric  behavior  of  those  materials,  when  oxposed  to 
a  pulse  type  of  radiation  environment  approximated  by  the  Godiva-type  reactor,  and  tho  effects  of 
exposure  on  tho  dielectric  properties,  when  oxposod  to  a  steady-state  gamma  radiation  source 
The  materials  were  selected  on  the  basis  of  their  importance  to  the  performance  of  military 
electron  I-  equipments.  The  first  phase  of  this  program  involving  a  determination  of  permanent 
aftereffects  is  the,  subject  of  this  report.  Transient  effects  during  the  actual  pulse  burst,  tho 
subject  of  the  second  ihaso  of  this  work,  are  not  reported  here.  The  study  includes  the  effects 
of  such  radiation  on  plastics,  ceramics,  and  composites. 


DISCUSSION 

Materials 

The  materials  studied  include  the  following: 


Code 

Material 

MF1 

Asbestos-fabric  phenolic  molding  compound 

MFG 

Asbestos-filled  phenolic  molding  compound 

MDAP 

Asbestos- filled  diallyl  pnthalate  molding 
compound 

MFE 

Mica-filled  phenolic  molding  compound 

AL-576 

Alumina,  AljOs 

AL-243 

Forsterite  (2mg0Si02) 

XXX 

Paper  phenolic  laminate 

PS 

Polystyrene 

PF 

Polytetrafluoroethylcne 

PE 

Polyethylene 

procedures 

The  above  materials  were  exposed  to  tho  following  radiation  environments:  One  set  was 
exposed  in  2-mil  thick  polyethylene  bags  to  pulsed  neutrons  at  the  Godiva  Critical  Assembly  at 
the  Los  Alamos  Scientific  Laboratory,  Los  Alamos,  New  Mexico;  the  second  set  was  subjected 
to  gamma  irradiation  by  a  cobalt-60  source,  located  a.  Radiation  Applications,  Inc.,  4042 
Crescent  Avenue,  Long  Island  City,  New  York,  for  21  hours  at  an  intensity  of  2.6  x  10'*  roent¬ 
gens  por  hour,  giving  a  total  dosage  of  D.88  x  105  roentgens.  Table  1  lists  the  total  Nvt  to  which 
each  material  was  exposed  at  the  Godiva  Critical  Assembly.  Figures  1  and  2  show  the  arrangement 

l 


of  llu>  test  specimens  ut  the  Gadivn  Critical  Assembly.  A  group  of  control  samples  was  left 
une\posed  to  radiation  so  as  to  determine  natural  aging  effects.  They  wore  stored  under  stand¬ 
ard  conditions  here  at  tho  USAELRDL  until  final  measurements  could  be  made  coincident  with 
the  exposed  samples. 

Electrical  measurements  wore  made  on  all  samples,  including  unexposed  controls,  one 
month  before  and  one  month  after  tho  time  of  the  above  irradiation  exposures.  The  elapsed  time 
was  due  to  shipment  of  material  from  the  facilities  involved  to  the  Johns  Hopkins  University 
Dielectrics  Laboratory  whero  all  measurements  were  made.  Measurement  techniques  used  are 
described  in  a  report  dated  31  December  1958,  subject,  “A  Practical  Interpretation  of  Dielectric 
Measurements  up  to  100  me,"  by  Dielectrics  Laboratory,  The  Johns  Hopkins  University,  Baltimorr 
Maryland,  under  Signal  Corps  Contract  DA36-039-SC-73156. 

lie  n  ulls 

The  results  of  these  measurements  and  irradiation  exposures  are  listed  in  Tables  2  through 
15.  Comparison  of  the  electrical  changes  of  the  irradiated  specimens  with  the  controls,  as  listed 
in  Tables  n  through  15,  shows  that  there  arc  no  significant  permanent  aftereffects  other  than 
those  of  natural  ><ring  on  80  cps,  1  mes,  and  30  mes  dielectric  constant  and  dissipation  factor, 
nor  on  do  volume  resistivity,  nor  on  dc  and  60  cps  surface  resistivity,  when  the  above  materials 
are  exposed  to  the  irradiation  environments  described  above. 


CONCLUSIONS 

It  is  concluded  that  exposure  of  asbestos-fabric  phenolic,  asbestos-filled  phenolic,  asbes¬ 
tos-filled  diallyl  phthalate,  mica-filled  phenolic,  alumina,  forsterite,  paper-phenolic  laminate, 
polystyrene,  polytetrafluoroothylene  and  polyethylene  dielectrics  to  pulsed  fast  neutrons,  rang¬ 
ing  from  1.63  x  1012  to  2.0  x  10  12  Nvt,  and  to  gamma  radiation  at  the  rate  of  2.8  x  lO1* 
roentgens  per  hour  up  to  a  total  dose  of  5.88  x  105  roentgens,  has  no  significant  permanent 
effects  oi  electrical  properties. 
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TABLE  I 


RADIATION  NEUTRON  DOSAGE 
(Obtained  at  Godiva^riLical  Assembly,  Los  Alamos  Scientific 
Laborutoiy,  Los  Alamos,  New  Mexico) 


Material  Nvt 


MKI 

1.88 

X 

10 1* 

MEG 

1.88 

X 

1012 

MDAP 

1.83 

X 

1012 

MEE 

1.63 

X 

10  12 

AL-576 

1.97 

X 

1012 

AL-243 

t.97 

X 

10 13 

XXX 

1.80 

X 

1012 

PS 

1.86 

X 

1012 

PE 

2.0 

X 

1012 

PF 

2.0 

X 

10  12 

TABLE  2 

DIELECTRIC  CONSTANT 
(Before  &  after  exposure  to  neutrons) 


Material 

SPiSBIiWaaBPSI 

30-mc 

initial 

irradiated 

initial 

irradiated 

initial 

irradiated 

MFI 

167 

150 

8.76 

8.23 

5.88 

5.84 

MFG 

170 

163 

8.41 

8.36 

6.11 

5.76 

MDAP 

6.82 

6.19 

3.87 

3.86 

3.50 

3.42 

MFE 

5.30 

5.17 

4.28 

4.27 

4.20 

4.20 

AL-576 

8.39 

8.39 

8.09 

8.09 

7.67 

7.67 

AL-243 

6.74 

6.74 

6.65 

e.85 

6.55 

6.55 

XXX 

5.95 

5.93 

4.93 

4.82 

4.70 

4.62 

PS 

2.57 

2.57 

2.54 

2.54 

2.54 

2.54 

PF 

2. 10 

2.10 

2.10 

2.10 

2.09 

2.09 

PE 

2.31 

2.31 

2.30 

2.30 

2.29 

2.29 

3 


TABLE  3 


DIELECTRIC  CONSTANT 
(Control  samples  unexposod  to  neutron  irradiation) 


Material  60-pds  l-mc  30-mc 


initial 

final 

initial 

final 

initial 

final 

MFI 

167 

154 

8.76 

8.19 

5.88 

ft  69 

MFC 

170 

161 

8.41 

7.94 

6.11 

5.92 

MDAP 

6.82 

6.21 

3.87 

3.84 

3.50 

3.41 

MFE 

5.30 

4.80 

4.28 

4.19 

4.20 

4.16 

TABLE  4 

DISSIPATION  FACTOR 
(Before  &  after  exposure  to  neutrons) 


Material 

GO-cps 

1-mc 

30-mc 

initial 

irradiated 

initial 

irradiated 

initial  irradiated 

MFI 

.495 

.419 

.495 

.445 

.104 

.103 

MFG 

.494 

.468 

.339 

.325 

.102 

.104 

MDAP 

.158 

.151 

.057 

.052 

.042 

.042 

MFE 

.064 

.061 

.016 

.015 

.010 

.010 

AL-576 

.002 

.002 

L 

L 

.002 

.002 

AL-243 

.002 

.002 

L 

L 

L 

L 

XXX 

.036 

.029 

.038 

.039 

.058 

.057 

PS 

L 

L 

L 

L 

L 

L 

PF 

L 

L 

L 

L 

L 

L 

PE 

L 

L 

L 

L 

L 

L 

L  —  Leas  than  .001. 
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TABLE  5 


DISSIPATION  FACTOR 


(Control  samples  unexposed  to  neutron  irradiation) 


Material 

60-eps 

1-mc 

30-me 

initial 

final 

initial 

final 

initial 

final 

MFI 

.495 

.465 

.495 

.472 

.104 

.104 

MFG 

.494 

.478 

.339 

.322 

.102 

.104 

MDAP 

.158 

.142 

.057 

.052 

.042 

.040 

MFE 

.064 

.061 

.016 

.015 

.010 

.010 
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TABLE  6 
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FABLE  8 


PERCENTAGE  DECREASE 
IN  DIELECTRIC  CONSTANT 
FOUND  AFTER  EXPOSURE  TO  NEUTRONS, 
AS  COMPARED  TO  UNEXPOSED  CONTROLS 


Material  GO-cps _ _ l-JO£ _  _ lilliBC. 


exposed 

control 

exposed 

control 

exposod 

control 

MFI 

10.3 

7.8 

8.1 

6.5 

0.7 

3.2 

MFC 

4.1 

5.3 

0.8 

5.0 

5.7 

3.7 

MDAP 

9.3 

8.9 

0.3 

0.8 

8.3 

2.8 

MFE 

3.6 

9.5 

0.3 

2.1 

0 

1.0 

TABLE  9 

DIELECTRIC  CONSTANT 
(Before  &  after  exposure  to  gamma  Irradiation) 


Material 

00 

-epa 

1-mo 

30- me 

initial 

irradiated 

initial 

irradiated 

initial 

irradiated 

MFI 

167 

162 

8.76 

8.53 

5.88 

5.78 

MFG 

170 

170 

8.41 

8.09 

6.11 

6.07 

MDAP 

6.82 

8.75 

3.87 

3.83 

3.50 

3.48 

MFE 

5.30 

5.14 

4.28 

4.06 

4.20 

3.88 

AL-576 

8.39 

8.39 

8.09 

8.09 

7.67 

7.66 

AL-243 

6.74 

6.74 

6.65 

6.56 

8.55 

6.54 

XXX 

5.95 

5.90 

4.93 

4.89 

4.70 

4.83 

PS 

2.57 

2.59 

2.54 

2.54 

2.54 

2.54 

PF 

2.10 

2.10 

2.10 

2.10 

2.09 

2.09 

PE 

2.31 

2.31 

2.30 

2.30 

2.29 

2.29 
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TABLE  10 


DIELECTRIC  CONSTANT 
(Control  a  ampins  unoxposed  to  gamma  irradiation) 


■Matgil-sJ—  flO'CDs _ l-m« _  _ a£Lmi. 


initial 

final 

initial 

final 

initial 

final 

MFI 

167 

144 

8.70 

8.37 

5.88 

5.88 

MFC 

170 

101 

8.41 

8.02 

0.11 

5.88 

MDAP 

0,82 

0.28 

3.H7 

3.72 

3.50 

3.40 

MFE 

5.30 

5.1  i 

4.28 

4.17 

4.20 

3.00 

TABLE  11 

DISSIPATION  FACTOR 
(Before  A  after  exposure  to  gamma  irradiation) 


Material 

00 

-cps 

1-mc 

30-mc 

initial 

irradiated 

initial 

irradiated 

initial 

irradiated 

MFI 

.447 

.439 

.438 

.424 

.094 

.088 

MFG 

.420 

.434 

.338 

.;:oti 

.094 

.087 

MDAP 

.107 

.091 

.050 

.048 

.038 

.038 

MFE 

.040 

.038 

.014 

.014 

.010 

.009 

AL-576 

L 

L 

L 

L 

.001 

.001 

AL  243 

L 

L 

L 

L 

L 

L 

XXX 

.021 

.018 

.038 

.039 

.080 

.055 

PS 

L 

L 

L 

L 

L 

L 

PF 

L 

L 

L 

L 

L 

L 

PE 

L 

L 

L 

L 

L 

L 

L 


Less  than  .001 


TABLE  12 


DISSIPATION  FACTOR 

(Control  samples  unexposed  to  gamma  irradiation) 


Material 

60-cps 

1-mr 

30  in 

r> 

initi  al 

final 

initial 

final 

initial 

final 

MF1 

.447 

429 

.438 

.393 

.094 

.084 

MFG 

.429 

.422 

.338 

.304 

.094 

.087 

MDAP 

.107 

.104 

.050 

.048 

.038 

.041 

MFC 

.040 

.081 

.014 

.013 

.010 

.009 

10 
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TABLE  15 

P  K KCENTAGE  DECK EASE 
IN  DIELECTRIC  CONSTANT 
EOl'ND  AFTER  EXPOSURE  TO  GAMMA  IRRADIATION 
AS  COMPARED  TO  UN EXPOSED  CONTROLS 


60-ops 

_ 1-nic _  . 

30-roe 

exposed  control 

exposed 

control 

exposed  control 

MFI 

,1.0 

J  1.8 

2.6 

4.5 

1.7 

1.4 

MEG 

0 

5.1 

1.8 

4.6 

0.6 

4.6 

MDAP 

1.0 

7.9 

1.0 

1.9 

0.6 

1.1 

MEE 

1.0 

1.6 

5.1 

2.6 

8.1 

5.7 

13 
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